INTRODUCTION Substance Abuse and Adolescents
The use of tobacco, alcohol, and illicit drugs by adolescents has risen for most of the past two decades, with a plateau and then significant declines since 1999. 1 However, the percentage of adolescents using alcohol and drugs in the U.S. remains shockingly high. According to the 1996 annual Monitoring the Future (MTF) Study, 2 about one-third of high school seniors reported being drunk in the past month, while one-fifth of 10th and 12th graders used marijuana in that same time period. MTF data from 2002 shows that seniors who reported using alcohol on a daily basis increased from 2.9 percent in 2000 to 3.5 percent in 2002, and past year marijuana use by seniors was at 36.2 percent in 2002. 3 In addition to high rates of use, adolescents are using substances of abuse at younger and younger ages, 3 often initiating use between the ages of 10 to13 with cigarettes, alcohol and then moving to experimentation with marijuana and club drugs. 4 The 2002 MFT report cited 8.3% of 8th graders, 17.8% of 10th graders, and 21.5% of 12th graders as current users of marijuana, which, along with tobacco and alcohol, is often called a "gateway drug" to other illicit drug use. 5, 6 While marijuana is the most widely used illicit drug, many adolescents report the use of poly-substances. In recent years, the club drug "ecstasy" (MDMA) increased dramatically. Johnston et al. 1 reported that use of ecstasy by eighth graders rose from 1.7% in 1999 to 3.5% in 2001, while use among 10th and 12th graders increased to almost 10%, making it a drug that is more frequently used than cocaine by adolescents.
Overweight and Obese Adolescents
The prevalence of adult and adolescent obesity has increased at alarming rates in the past three decades. In fact, adolescent obesity has been described by the Centers for Disease Control and Prevention (CDC) as an epidemic. 7 This striking increase has been linked to the dramatic rise in Type II Diabetes among young persons. Today, one out of every five youths in the U.S. is overweight 7 and one in four is at risk of becoming overweight. 8 Among adults, half are overweight and almost one-quarter suffers from obesity. This translates to approximately 97 million overweight adults and about 40 million obese adults. 9 The remarkable increase in obesity among adolescents in the U.S. has resulted in recommendations for more exercise, food restriction, and even bariatric surgery. 10 Complications of childhood obesity include psychosocial, psychological, neurological, cardiovascular, endocrine, musculoskeletal, renal, gastrointestinal, and pulmonary problems. 11 Overweight is defined as an increase in weight relative to some standard. Obesity is defined as an excessively high amount of body fat or adipose tissue in relation to lean body mass. Body fat distribution can be estimated by a variety of techniques. The three most common techniques for evaluating body weight are life insurance tables, relative weight (actual weight/desirable weight ϫ 100), and Body Mass Index (BMI). The standard definition of overweight adults is having a BMI (calculated by weight in kilograms/height in meters squared) between the 85th and 95th percentile, with severe obesity in adults being any BMI greater than the 95th percentile. Calculating BMI is simple and it correlates well with clinical measures, which is why it is commonly used in epidemiological studies. Although there are some exceptions, a BMI above 25 (overweight) and above 30 (obese), is a useful guide to estimate the degree of excess fat and health risk. 12 For children and adolescents, the CDC recommend using specific charts of calculated BMI values for selected heights and weight for ages 2 to 20 years. 13 This is due to the change in body fatness as the child ages and develops. CDC defines "at-risk for becoming overweight" as having a BMI between the 85th percentile and the 95th percentile for a person's age and gender. Any BMI over the 95th percentile is considered overweight trending toward obesity.
Substance Abuse and Eating Disorders
A recent report from SAMHSA 14 suggests there is a strong correlation among youth between substance abuse and several behavioral and emotional problems. However, little current research focuses on substance use and weight gain, obesity, or eating disorders. In one recent study by Ross and Ivis, 15 binge eaters were more likely to use all types of substances and a high correlation was found for cannabis use. Adolescent eating disorders and substance abuse are both major public health issues in the U.S. The cost to society for health care related to these problems is extraordinary. Adolescents who are obese and those that are substance dependent often continue to have these problems as adults. Weight in adolescence is a predictor of adult weight 16 and later adverse health events, as is substance abuse a predictor of future substance abuse and dependence.
We have previously reported that adolescents in a supervised treatment setting gained significant weight while abstinent from alcohol and illicit drugs. Thus it appears important that further research address the particular variables associated with the phenomena, with particular attention to improved treatment program development.
Tobacco Use and Weight Gain
It has been demonstrated that smokers have a propensity to gain weight when they quit smoking, although on average there is only a 6-8 pound gain for each individual when they quit. 17 Weight gain in the adult population has been found to be statistically significant over a 10 year period for those individuals who quit smoking versus those individuals who had never smoked, 18 therefore suggesting that the increase in overweight individuals in the Untied States may be slightly associated with the increase of smoking cessation during that period of time. Research suggests that adult women have a more difficult time of quitting smoking and are more prone to relapse due to weight concerns. 19 It also appears that concern about weight gain is correlated with fewer quit attempts and minimal intentions to quit. 20 Given the various relationships between appetite, taste, drugs of abuse, brain reward pathways and eating disorders, as well as the widespread occurrence of adolescent obesity, many factors must be considered by treatment providers to enhance and refine current modalities regarding adolescent substance abuse treatment. The purpose of this study was to further clarify the relationship of weight gain to abstinence from drug use in adolescents. This was accomplished through the analysis of 75 adolescent patients admitted to a residential substance abuse treatment facility between 1999 and 2002. Data obtained from these patients were used to test the following hypotheses:
1. There is significant weight increase during supervised treatment and abstinence from alcohol, illicit drugs, and tobacco. 2. There is an interaction effect between weight increase and smoking. 3. There is an interaction effect between BMI increase and smoking. 4. There is an interaction effect between weight increase and primary drug of choice. 5. There is an interaction effect between BMI increase and primary drug of choice.
METHODS

Source of Data and Sample
This study was conducted at an adolescent residential substance abuse treatment center in a southeastern city in the United States. The facility is a 24-bed substance abuse treatment center for males and females, ages 13 through 17. This population of adolescents is referred to the treatment program by three different means: self-referral, civil commitment by parents, or adjudicated by the court system. The adolescent participants in this program are supervised on the campus twenty-four hours a day, seven days a week with the average length of stay amounting to 168 days. The center is a non-secure facility. All participants are required to abstain from all alcohol, illicit drug use and tobacco during time of treatment. Drug screens are obtained when participants leave campus for any reason and participants are also randomly tested during their stay at the facility. All information for this study was obtained from existing data sets held in reserve for outcome measures by the organization. Each participant in treatment signs a consent form giving the organization permission to use data from the charts for research purposes, by qualified individuals, with the understanding that all identifying information will be kept confidential. This research project was reviewed and approved by the University of Florida Institutional Review Board.
A total of 215 male (n = 148) and female (n = 67) patients were involved in treatment for varying lengths of time from the beginning of August 1999 until the end of July 2002. The mean age for the sample was 15.8 years. The majority of the patients were male (n = 109; 70.3%), whereas almost thirty percent were female (n = 46; 29.7%). The group consisted of 80.1% non-Hispanic white and 17.9% African American patients, with the remaining 1.9% of patients from other ethnicities. There was a higher percentage of smokers, 82.4%, than nonsmokers, 17.6%. Patients diagnosed according to DSM-IV criteria for cannabis abuse equaled 19.2%, cannabis dependence equaled 57.7%, and polysubstance abuse equaled 23.2%. After excluding patients in treatment for fewer than thirty days and patients with incomplete data sets, 75 patients were randomly chosen for inclusion in this analysis.
Analysis
For this two between subjects factor (i.e., smoking and SUD) and one within subjects factor (time in treatment: admit date, 60 days, 90 days, and discharge) design, the most suitable statistical procedure was a multivariate analysis of variance. Although there were a total of eight different primary SUD diagnoses reported in this patient population, only those diagnoses that equaled more than 10 in a cell were analyzed. The SUD's meeting that criterion were Cannabis Abuse, Cannabis Dependence, and Poly-Substance Dependence. For this study, SPSS was used for the statistical analysis. All statistical tests were conducted at α = .05.
RESULTS
Two separate MANOVAs were conducted, one for each of the two outcome measures: weight and BMI. The results of the MANOVAs are reported in Tables 1 and 2 for weight and BMI, respectively. For each outcome variable, time in treatment and the interaction between smoking and time in treatment were statistically significant. These two effects were also practically significant, given that the eta squared values showed both effects to be large according to Cohen's 21 criterion.
The descriptive statistics for weight and BMI are reported in Table 3 . There was a substantial weight gain and BMI increase from admittance to 60 days. Participants gained an average of about 11 pounds and in-creased their BMI by 1.58 during this time. Mean weight gain was less from 60 days to discharge. In addition to weight and BMI, Table 3 indicates the percentage of the patients who are at-risk for being overweight and those who are overweight. The CDC defines at-risk for becoming overweight as having a BMI between the 85th percentile and the 95th percentile for a person's age and gender. Consequently, by definition, 10% of the population would be expected to be at-risk for becoming overweight. The percent of patients at-risk for becoming overweight increased after admittance to the program, going from 7.1% at admittance and increasing to 14.7%, a percentage that is above the expected 10% for a gender and age matched population. Similarly, CDC defines being overweight as having a BMI above the 95th percentile for a person's age and gender. Again, this definition leads to an expectation that 5% of the population is overweight. Upon admittance, the sample was slightly higher (5.8%) than expected for the population (5%). At 60 days, the percent overweight was almost double the population expectation. By the time of discharge, the percent overweight was 2.7 times the expected (13.5/5 = 2.7). Table 3 shows a clear trend toward weight gain for participants in the program, especially during the first 60 days of treatment.
Descriptive statistics for effect of smoking on weight gain are reported in Table 4 . The means for weight and BMI gain show substantial gains only from admission to 60 days. The interaction is due to the larger weight and BMI gain for adolescents who smoked prior to treatment.
DISCUSSION
This study demonstrates that there is significant weight and BMI increase while adolescents are residing in a supervised substance abuse treatment setting. It is evident that both weight gain and BMI over time are influenced by weather or not the individual smokes prior to treatment. The rate of weight and BMI gain from 0-60 days was the highest for smokers. No interaction effect for primary diagnosis was shown. These data suggest that adolescents who smoke are at greater risk of weight gain during supervised abstinence from drugs, including tobacco, and alcohol, increasing their propensity to become at risk of being overweight. Regardless of the initial external decisions that prompted drug use, once in the body the drug promotes continued drug seeking behavior. The impact of drugs, tobacco, and alcohol on the brain is modulated by reinforcement and neuroadaptation that contribute to the process of addiction. The ventral tegmental area and the basal forebrain contain the general reward circuitry and the use of drugs can change the neural processes around these connections. These two areas are connected by the mesolimbic dopamine system that is critical to the self-administration of psychomotor stimulants 22 with motivational behavior acting as a crucial function. 23 Food, tobacco, and illicit drugs are all reported to be addictive or stimulating to the brain reward system. 24 Food ingestion, as well as smoking and other drug self-administration, is linked to the neurotransmitter dopamine and is the subject of current studies. [25] [26] [27] It has been suggested that individuals who are prone to drug or food addiction may have a deficiency of dopamine. Wang et al. 27 tested the hypothesis that obese individuals have abnormalities in brain dopamine activity. They determined that striatal dopamine receptor (DRD2) availability was significantly lower in obese individuals than in the control group. The BMI correlated negatively with the measures of D2 receptors, suggesting that individuals with the largest BMI had the lowest D2 values. Thanos et al. 28 studied ethanol preferring rats over-expressing the DRD2. Their results suggest that an increase in DRD2 results in reductions in alcohol preference and alcohol intake. These two molecular studies underscore the concept that the under-expression of dopamine receptors in the brain may lead to both food and drug addiction. These findings support the necessity of further examining the issue of weight gain during supervised drug abstinence and the influence of other factors such as tobacco status.
Adolescence is a time of numerous developmental changes from various influences. Adolescence is also a time of self-consciousness about body image and perceived looks, influenced by the power of being accepted or rejected by peers. 29 In this study, 36.1% of adolescents entered treatment either underweight or at normal weight, while only 21.9% remained in this category at discharge. It is possible to speculate that tobacco and illicit drugs may be partially sought as a weight control measure. Therefore, an inordinate amount of weight gain during treatment may lead to depression and may be viewed as a significant relapse issue that must be addressed. There are also numerous physical complications of excessive weight gain, such as heart disease, breathing, and joint problems, and the dramatic increase in Type II diabetes (previ-ously called "adult onset diabetes"), which until recently was almost non-existent in children and adolescents. 11 This study has widespread implications for the field of addiction medicine when determining treatment protocols and assessing adolescents during treatment. Treatment providers pay close attention to dealing with alcohol, tobacco, and illicit drug use in the treatment settings, but the effects of abstinence on weight gain are not addressed. Most programs do not spend significant time on nutritional counseling, exercise, and education concerning the substitution of food for drugs of choice. Further research is needed to examine effective treatment protocols in these areas. Larger data sets with both smokers and non-smokers, females, ethnic populations, and the effects of co-occurring disorders treated with medication may be explored to address the relationship of appetite, drug withdrawal, and coping in an adolescent population.
